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INTRODUCTION 


This system was designed by Solar Engineering & Equipment 
Co. Inc. in collaboration with The Binkley Company, Inc. 

This design was further developed under a contract v’ith 
the National Aeronautics & Space Administration, Marshall 
Space Flight Center, Huntsville, Alabama. The contract 
with NASA required further development of the design 
wherein two prototype systems would be developed and 
fabricated and ultimately installed' in two operational 
test sites selected by NASA, tlie first system being a 
single family residence located at the Concho Indian 
School in El Reno, Oklahoma,. 

Basically the requirements of the NASA contract were to 
accomplish the following objectives; 

1. To further develop and refine two prototype solar 
hot air systems utilizing the concept of the SEECO 
collector as the basis of the system. 

2. To design and install the cotnplete system including 
all storage requirements for specific buildings as 
selected for operational test sites. 

3. To test all components of the system and to v’lti- 
mately test the complete system through all stages 
of development and to continue testing the installed 
system at the operational test sites through one 
complete winter season and to report all test 
findings to NASA for further evaluation. 

The specific goals of the program were: 

a) To develop a solar heating collecter and system that 
would be economical yet durable and efficient, 

b) To prove that the air-to-air system would function 
as well as a liquid system and tliereby eleminate the 
problems of freezing of the transfer fluids and 
inherent problems in liquid collectors, 

c) To design a collector in wliich the basic materials 
used in its manufacture are standard products 
readily available off the shelf that can be mass 
produced in large quantities. 

d) The collector can be manufactured in any length 
up to 40 feet to accommodate design of any roof 


span to the 40 foot limitation, thereby eliminating 
the need for multiple manifold connections required 
in a series of small collector modules. 

e) To prove that the collector can efficiently serve as 
the actual roof of a building through its structural 
integrity and waterproof ness and thereby eliminating 
the cost of the roof, therefore reducing the solar 
system collector cost. 

As this development program progressed it became apparent 
that the SEECO collector could provide other advantages 
when used in industrial and agricultural systems for pro- 
per produce drying and for industrial and institutional 
hot water. Several systems have been designed for lumber 
drying, cotton and industrial hot water for hospitals and 
nursing homes. 

Solar Engineering & Equipment Co. Inc. extends its services 
to architects and engineers as well as to private indivi- 
duals and companies who have an interest in solar systems 
utilizing the concept outlined in this brochure of employ- 
ing any of the other methods wherein solar energy can pro- 
vide useful and economical alternat:ive energy sources. 
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System Descriotion 



The SEECO solar air heater, Mod 1, is made in modules 3* wide 
and any length not exceeding ,f orty feet. These modules are 
joined to form a collector of any chosen width in multiples 
of three feet. The collectors are fabricated by utilizing 
standard steel building wall components, as shown by the 
drav/ing (fig. 1). Three bottom pans, each 12" wide made 
of galvanized steel, 22 gauge, are joined to form the three 
foot width. A standard 26 gauge steel sheet, painted with 
best grade flat black paint of a special heat resistant type, 
forme the absorber plate. Over this is installed the top 
thermal window consisting of two Icyers of Dupont Tedlar 4 mil 
thick plastic film mounted on a 3/4" x 3/4" steel frame. This 
window is separated from the absorber plate by a special ure- 
thane-isoc yanurate thermal Isolator. Forced air is passed 
over and under the absorber plate through air plenums at the 
top and bottom of the collector system, as shown on the 
drawing. Each module channel may be individually^. balanced 
by the use of hand dampers installed as shown. This adjust- 
ment is made after installation, at the job site, prior to 
closing in the hot air plenum at the roof ridge. This system 
of air ducts or plenums connects into the existing warm air 
system. This interconnection detail will vary in accordance 
with the conventional hot air system which will interface 
with the solar system. A typical installation is -shown. 

(Fig, 3)* 
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• Fig. 2 - Domestic Hot Water System 


Accc ns orics 

This system may be equipped with air to water heat exchanger 
to heat domestic t»ot water. (Fig. 2) This is an economical 
and efficient way to produce hot water for domestic use because 
there is no danger of cross pollution between antifreeze 
admixtures because no antifreeze is necessary and our high 
efficiency tieat transfer coils actually are lower in price 
tlian doitblc tube liquid heat exchangers of the same capa- 
city. A drawing of a typical domestic hot water system 
chows the simplicity of the system. 

3 . T ypi ca 1 Ins tullation Arrangements 

The Sf. LCD solar collector may be used as a structural part of 
the roof. It can be self supporting in spans up ^o twenty feet 
and may eliminate a part of the roof in new construction. In 
order to minimize on field installation work, the collectors 
are shipppH fxom the factory in maximum sized modules. Because 
r.f overhead clearance and road regulations, maximum widths of 
four modules or 12 ft. are shipped factory joined. Any length 
up to forty feet can be custom made to fit job requirements. 
Ihese collector modules may be installed with their long axes 
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Fig. 3 - Installation Details 


either horizontal or vertical. The vertical axis with inlet 
at the eave and outlet at the ridqe is usually preferable 
because of inlet and outlet air plenum design, but the 
system is flexible and may be used either way. 

The twelve foot wide collector sections can be lifted by 
special lifting slings with a crane and installed .on the 
roof where they are joined by factory furnished sealing 
strips and gaskets. The method of fastening the collectors 
must meet the existing roof conditions, but usually it is 
made by using special hold down clips or brackets at each 
end of the collector, so as to avoid having to break down 
the collector to place screws through the bottom of the pan 
into the roof. The installer should begin at one end of 
the roof and proceed to the other, utilizing the special 
sliding ladder to make the top surface joints. 
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Thf; supply and return nianifolds are then connected into the 
I'onvor.tional system. This will vary in accordance with the 
type of system that will be used, but interfacing ducts and 
cfiiitiol dampers are usually similar to the example shown, 
altliough exact duct locations may vary. If possible, inter- 
facing duct work should be designed by a professional who 
understands the principals of air distribution and ductwork 
design. SEECO is always ready to assist the client in this 
sort of work. 

Wtieti the fan(s) have been installed and are operable, full 
capacity air should be circulated through the system, prior 
to ifis tailing the bottom of the hut air supply plenum or any 
other obstacle to access to tlie adjustable dampers. It is 
essential that these dampers be individually adjusted for 
each air channel to equalize air flow across the roof. This 
flow velocity can be checked with a hand held velometcr with 
a flexible tube connected nozzle. When the air circulation 
has been balanced the duct system should be closed and sealed 
and the entire system checked for air leaks, inspecting each 
joit)t whore air might possibly escape. Air leaks should be 
sealed with the special silicone sealant furnished with the 
installation. The contractor should then adjust the various 
cofitrol damper combinations for proper operation and sequen- 
ciiig in accordance with the various modes. As may be seen from 
the typical drawings, the SEECO collector can be tailor-made 
to fit a required length but the width must be maintained in 
multiples of three feet. 


•1* M 2-1/7* 1 . 1 . XTPt AB 
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Fig. 5 - Various Mounting Systems 


Uni t Dimensions and Mounting Instructions 

The' SEECO Mod I collector can be mounted in various ways. 

Typical arrangements are shown on the drawing (F'«g. 5" ), As 
a general rule, especially designed mounting flashings or straps 
are furnished by the factory and shipped with the unit. Typical 
strapping and hold-down flashings may be seen on the hot air 
plenum drawings, both ridge and eave. (Fig.S )• 

The collectors may also be free standing for mounting on a 
flatter roof, either with especially designed mounting arrays 
or in factory fabricated housings which are also air plenums 
as shown on the typical drawings. (Fig. 3 )* 
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5. Physical Data 


The basic colJector vje.ghs fjve pounds per square foot. The 
additional weight of the plenums must be calculated from the 
special pic, is. V/hen the collectors are installed on structural 
mounts or factory built air plenums, the weight will depend 
on the design. The performance of the collector will depend 
upon the area, average temperatu^-es, volumes of air, building 
heating load, etc. but in general it may be expected that the 
collector will operate at an average forty percent efficiency 
when using three cubic feet of air per minute per square foot 
of collector area. 

6 . Selection Procedure 

We suggest that the design of a solar system be handled 
through a professional engineer who has data on local weather 
conditions, HVAC tables, A51IRAE heat loss and solar tables 
and other pertinent information. The first step is the cal- 
culation of the average maximum heat load during the coldest 
month that is to be considered. (In some cases in the coldest 
northern states it may not be economically feasible to attempt 
to furnish collector areas sufficient to meet peak loads 
during December and January when the sun also is at its 
lowest point.) The heat loads for»the space should be based 
on the maximum use of energy conserving materials such as 
adequate insulation, double paned storm windows, good weather- 
stripping, minimum outside air introduction, etc. If possible 
all energy conservation methods suggested by the new ASHRAE 
codes should be adopted, because it is not feasible to install 
expensive solar collectors to heat spaces that are not maxi- 
mized for heat conservation. Daily average and minimi'im tem- 
peratures are given for each month of the year for hundreds 
of cities in the USA by tables furnished by the NOAA 
which may be obtained through your local weather bureau. 

Tticse tables also include data on solar insolation for each 
hour of the day, (fig. JJ ) and percentages of sunlight that 
may be expected for each month of the year. This information 
is readily available and any engineer wtio will work in solar 
energy should have it all in his files. 

>A. 

Once we have determined the maximum amount of sun.shine and 
solar energy which we may expect to obtain on the design day 
chosen, we refer to our collector efficiency chart to deter- 
mine tiow much usnhle energy we may expect to rcc^-ive per day 
from our system, A simple formula is one in whicti the total 
maximum daily heat required, including sLoi'od heat, will be 
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divided by the BTU per square foot which we may expect to 
obtain from our colJector, will give us the total amount of 
collector area required. 


Q = Total BTU 

Coll. BTU/SQFT 


Collector Sq. Ft. Area 


Whether we use the required amount of collector area and 
the calculated amount of storage volume, will depend on the 
highly variable trade-off against total cost that we can 
obtain and there is no fixed rule of thumb to determine 
this, as the two main variables are the amount of solar heat 
available and the range of outside temperature which we 
choose as our base. For this reason we suggest that this 
selection work be done by an experienced HVAC solar engineer, 
and his methods and choices can be studied and employed on 
other projects at a later date. 
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Fig. 6 - Seeco Mod I - Performance Curve 
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Collector Performance 

The SEECO Mod I collector has been fully tested in tccordat.ce 
with approved Bureau of Standards and ASHRAE testinci procedures 
and the curves (fig. (b ) should be an excellent guide for 
collector efficiency and selection under certain conditions. 

The efficiency chart will show how you should expect your 
SEECO collector to perform. Since this collectojL operates 
at peak efficiency at low operating temperatures, the thermal 
design is based on a twenty degree F, rise over the collector 
which means that the normal operating air temperature will be 
between 90 and 100° F. Air volume has been calculated on 
this basis also. On retrofit jobs the collector can be 
operated oh other air volumes, if necessary to work in con- 
junction with existing hot air heating systems. 
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Selection Procedure 


1. Calculate 24 hour heat load for building. This heat load 
should be based on the average daily temperature for the site, 
taken from NOAA climatological data, for the coldest month 

of the year. This will determine the temperature differen- 
tial to be used in the heat load calculations. It will be 
important for the client to indicate the amount of heating 
that he will require, with particular reference to number of 
hours per day and specific temperatures required during the 
day and at night. (In our example calculation we have chosen 
a daytime temperature of 70 degrees for eight daylight hours 
at 70 degrees and 55 degrees for 16 hours - when solar heat 
is not available. The architect or the client should also 
‘specify the percentage of the total heat requirement that 
should be furnished by solar energy. For example, some 
system designers base their calculations on furnishing 
only 75?o of the theoretical heat requirement end on the use’ 
of auxiliary heat at other times. It should also be noted 
that' the sun does not shine 100?o of the time and the days of 
effective sunlight arc listed in the NOAA climatological date 
and the client should be made aware of this percentage, which 
'should be taken into consideration *when deciding on the amount 
of solar energy which will be required. 

2 . Collector Area Selection 

• 

Refer \.o insolation data for the chosen month and to the col- 
lector efficiency curve at the average inlet temperature 
(usually 70 deg. F.) minus the average outside temperature 
divided by the insolation figure. This will give the collec- 
tor efficiency for those conditions. By multiplying the in- 
solation for the day by the collector efficiency we arrive 
at the amount of usable heat we may expect to collect per 
square foot of collector. By dividing the daily heat load 
(which should include a total 24 hour supply of heat for 
the various temperatures chosen, including storage) we can 
arrive at the number of square feet of collector that will 
be required. There are additional transmission losses in 
ductwork, etc. which should theoretically be subtracted, 
but normally these losses are ignored. 

Storage ^ 

A certain percentage of the heat collectea will be stored in 
a rock storage bin. It is usually not economically feasible 
to store more than the heat required for the night hours. 

Many designers use only 75?o of the night requirement. There 
are several ways to calculate the volume of the storage 
varying from rules of thumb such as one half cubic foot of 
rock per square foot of collector area while others base their 
volumes on ASHRAC- data and the actual specific heat of the 
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Fig. 7 Collector Inclination 









rock which arrives at one cubic foot of rock per square 
foot of collector, but in most cases the actual amount of 
storage installed will depend on the space and the money 
available. Our example is based on ASHRAE data. 

Storage 

Solar air heating systems normally use a rock storage bin 
for storing heat collected during the day to heat the space 
at night. The heat collected requirement is usually the 
same as the daytime requiremont depending upon the thermo- 
stat settings. Under normal conditions we would recommend 
a setting of 70 degrees F from 0700 to 0900 at night and a 
• setting of 55 degrees f rom 1900 to 0700 or 50?o - 50?o 
division of heating requirement. Solar collector collecting 
ability should only be based on approximately 0900 to 1700 
hours or a maximum of eight hours in the winter. We there- 
fore must consider that we can use direct solar heat for 
only 8 hours and must store sufficient heat for 16 hours in * 
our storage calculations. Useful storage temperatures may 
vary between 100 degrees F to 75 degrees F(when the thermo- 
stat is set at 55 degrees ). • 

The calculation of actual storage volume will depend on 
several variables discussed under Selection Procedure. 

Usually, the amount of storage installed will depend on 
space available and costs. 

There' are several methods to store rocks. The storage tank 
may bo placed outside of the house and underground, or it 
may be placed under the floor slab when this is on the ground 
and without oasement. Plywood bins may be used, as shown in 
our typical design, *(Fig. a) These latter may be pre- 
fabricated and installed on tne site. It is generally un- 
feasible to provide storage for more than one night, and 
some say that only 75?i of this storage is effective. This 
has yet to be proved, as no exhaustive studies of rock sto- 
rage have yet been made. 
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Fig. 9 - Control System 
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Fig, 10 - Typical Airflow Diagram 
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9 . Guide Specification 


The solar collector system shall be of the air heater type. 
The system shall be designed to produce not less than 

BTU per day when operating at a median temp, of 

during the month of _____ __ with a total daily solar 

insolation of B TU/HR/Sq .ft. of net collector area, 

as determined f r om the AsHRAE or NOAA climatological data. 
Latitude is . 

Collector absorption plates shall be made of 26 gauge steel 
with a black surface which shall have an absorption capa- 
bility of not less than 90?# with equal emissivity. 

Collector case shall be 22 gauge galvanized steel. Cover 
window shall be two sheets of TEDLAR A mil thick special 
solar plastic film glued to steel frame with Monsanto 
GELVA or equal special adhesive. After glueing TEDLAR 
shall be shrunk on frame to drum tightness. Cover window 
shall be fastened to collector frame with self threading 
chromium plated TCK screws over a special polyester sponge 
• type sealing gasket. 

Collecting system shall include capacity to warm 

gals, per day of domestic hot water from degrees F 

to degrees F through,a copper tube air to water 

heat exchanger with aluminum fins. Solar contractor shall 
furnish heat exchanger, separate fan, and circulating pump, 
with a differential control thermostat in a separate self 
contaitied package which will attach to the existing conven- 
tional hot water system. 

hnat load of space and interface design should be done by 
a registered professional engineer with experience in both 
MVAC and Solar design. 
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EXAMPLF 


Three bedroom house at Ashland, MA. Lat. = 45° N 

Floor area = 1300 sq. ft. Roof slope = 35° 

Refer to NOAA Climatological Data 

Insolation, 21 .Ian. - 1632 OTU/DAY/SqFt. (interpolated) 
Average Min. Temp. = 30°F 


24 Hr. Heat Loss = 352,660 BTU 

Night Loss (storage load) = 193,640 BTU 

Average collector efficiency = 4C?o (See Fig, 


Collector Area Required 

352,600 BTU/DAY 
40?i Iff X 1632 BTU/sq ft " 

Storage (niqtit load only) 

Temp. Diff. (night) = 75-55 

Rock Temp, range = 90° - 70° 


540 oq. ft, 


20°F 


20 ' 


Weight of crushed rock 


100 Ibs./cu ft. 


Specific Heat 

Volume = 

Domestic Hot Water 


.02 BTU/°F/LB 
20 BTU X 20°F 

193,600 

400 


20 BTU/CU FT. 
400 BTU/CU FT. 

404 cu. ft. 


60 ga 1 . /da y 


4 Occupants at 15 gal. = 

60 X 8.33 = 500 Ibs/day 

Water in = 50°F Out = 140°F T.D. 90°*- 

500 lbs. X 90 T.D. = 45,000 BTU/day 


A5,00Q 


40?« X 1632 


69 sq. ft. of collector 




lb 
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Meteorological Data For The Current Year 
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TABLE A4 SOLAR POSITION AND INSOLATION VALUES FOR 68 DEGREES NORTH LATITITOE 

















































v' AN ff Mi>' ■ r ‘•■..".VHiN'r lOR r.t • ic' ro location? 


aua b'.aiion 


Ala. Biiininpiiam 
Morn pome ry 
Alaska. Aiicliufapc 
Fairbanks 
Juneau 


Nome 

Aril., Thoenix 
Yuma 

Ark.. Linlf Bock 
Cali(., rtiit*ka 


Fresno 
Los Arioales 
Bid BluH 
bariarnento 
San Oieoo 


San f rancisro 
Cnio., Denver 

(iiand .liiociiun 
Ci'Mp., Marl lord 
D.C.. Wi'.Vir.rjTon 


FU., Apal.irlitrola 
Jacksi.inville 
Key VVcsi 
Miami Di acli 

T iimjift ^ 

Ga., Allanta 
H.ivraii, Hilo 
Honolulu 
I ihite 

Idaho. Boise 
Foce'ello 
III., C.a.ro 
CIlK <l iO 
Spiiriclield 
lr>d .. I va'isville _ 
Fori Wayne 

ltinidrid;H>lis 

Iowa, Dfs Vti’ries 
DuStroue 
SiuUM City 
Kans.. CoriLordta 
Dud'** City 
VViilitia 
K> ■ ville 
( a , Ni-w Orleans 


Slireveport 
Maine, F ast|Kirt 
Maa., Boston 
Mich., Alperii 
Detroit 


Grand Bapids 
Marqurrte 
Sau. St Marie 
Minn., Duluth 
Min.'ieatiolis 


Mom , Havre 
Heieita 
KaltspcII 
Nabr.. Lincoln 
North Platte 


J 

A 

62 

65 

66 

u9 

45 

36 

45 

35 

78 

30 

32 

26 

84 

84 

82 

61 

71 

73 

62 

46 

97 

97 

00 

81 

95 

94 

Do 

95 

67 

70 

6b 

63 

68 

68 

76 

72 

62 

60 

64 

62 

64 

63 

67 

63 

69 

71 

65 

67 

61 

64 

62 

63 1 

44 

38 

67 

70 

58 

59 

89* 

86 

62 

El 

82 

79 

73 

70 

76 

72 

78 

76 

74 

69 

74 

70 

75 

70 

73 

67 

75 

72 

79 

76 

78 

78 

bO 

77 

72 

09 

58 

60 

76 

BO 

55 

57 

64 

63* 

70 

64 

C9 

66 

72 

67 

63 

57 

63 

56 

68 

63 

72 

69 

69 

72 

76 

73 

72 

68 

77 

72 


65 65 

62 62 


64 70 


77 
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ORIGINAL PAGE Ib 
OP. POOR QUAUTY 















































































































MEAN PFrrcnvTAGE OF POSSIBLE SUNSHINE FOR SELECTED LOCATIONf 


Stale •nd'Smion 


Nwada. Ely 
Ua* Vegas 
Reno 

Wifwtamuoca 
N.H., Concord 


MJ.. Allantc City 62 

N.M.. Albuquerque 28 

Rs..»ell 47 

N.V^ Albany f 3 

8ir«ghamtan 63 


Ralai^ 

N. CMt, Bivnarli 
Doyile Lalia 
Fargo 
WHIinon 



Portland 
Roeeburg 
P». HarrMiurt 
Pbiladelpbia 
Pimbuigh 


R.l.. BiocA Island 
6.C.. Charleeton 
Cotwmbia 
8. Oak^ Huron 

Rapid City 

Tenn., Knoeville 
Mamphia 
NadtvrNa 
Abilend 
Amarillo 


Austin 
Browmaeilla 
Ocl Rio 

Fort Worth 


Galveston 66 

San Antonio S7 

Utah, Salt Lake City 22 
VL. Burlirrqian 
Va. Norfolk 


Rird* fiend 
Waah.. Noah Head 
SeattiB 
Spokano 
Tatoosh Island 


Walla Walla 
Yakima 

W. Vo, Elkini I 66 
Parkersburg 
Wise., G r een iay _| M 
Madison 59 

Mrinaukao 59 

Wyo . Cheyenna 63 

Landat 57 

Sheridan 52 


35 

67 
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HEATINu 

HOT AIR CAN BE INTRODUCED INTO ANY CONVEN- 
TIONAL FORCED HOT AIR HEATING SYSTEM 



ARKLA WATER CHILLER 

COOLING 

SEECO IS A DISTRIBUTOR FOR THE FAMOUS ARKLA 
ABSOHBTION CHILLER. EFFICIENT LOW COST CONCEN 
TRATING COLLECTORS FURNISH HI-TEMP WATER TO 
THE UNIT WHICH PRODUCES I OV* TEMP WATER FOR 
COOLING Ain !*' THE CONVENTIONAL FORCED AIR 
CONDITIONING SYSTEM 



HEAVILY INSULATED SEECO STEEL SOLAR DRYING 
BUILDINGS DIVIDE THE COST OF COLLECTOR AND 
BUILDING TO GIVE THE VERY LOWEST TOTAL COST OE 
EFFECTIVE UTILIZATION OF SOLAR ENERGY. 




COTTON 


LUMBER 


PEANUTS 


CORN 

CRAINS 

BEANS 

RICE 

ALFALFA 


MAY BE EFFECTIVELY DRIED IN SEVEBAL WAYS, INCLUDING A 
COMBINATION OF SOLAR AND LINT BURNING INCENERATORS 


SOLAR ENERGY IN A SEECO KILN CAN EFFECTIVELY DRY ALL 
TYPES OF LUMBER “■ 


ARE IDEALLY ADAPTED TO SOLAR DRYING SINCE THEY REOUIRE 
ONLY LOW TEMPERATURE AIR yfiGE 




SEECO HAS DEVELOPED EFFECTIVE SYSTEMS TO DRY THEM AIL 
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HOTELS- H0SPITALS-M0TELS-NURS1\'G HOMES 






^^ast quanlitios of eni.-ryv may be ftclaifTied from tfu wasted beat froin laundry wasbers, boiler stacks, kitchen range floods, hot exfirust 
air, Ihrougfi a series of heal exchanging deeir.es, starting with sol.ii heated inlet air, to be utili?ed for comfort hcrtting, process water 
fieating, etc. in hotels and motels, fast food shops, hosoituls, nursing hoines, laundries canning and packing plants and in a variety of mdus 
tries. SEECO can offer professional engineering and contracting service in the form of a turn key installation contract. 


TOTAE- ENi^RGY 



GENERATOR 


J ■ 


^oniplett uli.'i/ation of waste pic-ducts from cotton gms, sawmills, planing mills, peanut shells, corn husks, etc. will furnish energy to fire 
special boilers to producr steam which will lirive a tuibir-.e to turn a generator wfiich will furnish electricity. The exiiaust heat froni the 
turbine will be used to piorlucc heat to dry tfie pioduci and the cleclricily will power the fans, pumps, saws, etc in tfic mill Stf CO hat 
done considerable research in tfiis field and hat. desigri'rd small pioiolype plarits which show cl- arly friat there are many industries w.nic*. 
canbe 100%seMsij$tairiing. 


Induslria! 8 ( Doi'nv'L-itsic 
kEe 2 iiris& Coe'’ ' 


[-Mf 

’O ' 

HEATING 

K)R ANY USE - RI SIDI NIIAL, CO.Vd/r RCIAL IN- 
DUSTRIAL CAN BF. CiENF RAT hD EY THf Lf ECO HOT AIR 

coii.rciOM wnnoui the usi or an'iM p.rL/f :-.oi.u- 

TIONS, AT H'CHER Lf i"tCIM.".Y I OWLK COST 

THAN liquid COI l.fClOKS 


HOT WATER 


;c:a J 
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